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ABSTRACT

POSTHARVEST TREATMENT TO REDUCE OR REMOVE
ETHYLENEBISDITHIOCARBAMATE (EBDC) FUNGICIDE RESIDUES
FROM APPLES AND APPLE PRODUCTS & ELUCIDATION OF
POSSIBLE DEGRADATION BY-PRODUCTS AND PATHWAYS

By

Eun-Sun Hwang

The overall goal of this research was to reduce or eliminate
mancozeb residues in apples and apple products, determine the
effectiveness of different postharvest treatments and processing on the
reduction of mancozeb and ethylenethiourea (ETU) residues and
elucidate possible degradation products and pathways of this pesticide
when treated with various oxidation agents.

In the first part of the research, laboratory studies were
conducted using a model system to determine the effects of calcium
hypochlorite (50, 250 & S00 ppm), chlorine dioxide (S & 10 ppm), ozone
(1 & 3 ppm) and hydrogen peroxyacetic acid (HPAA) (S & S0 ppm) at pH
4.6, 7.0, 10.7 and at 10°C and 21°C on the degradation of mancozeb in
solution over a 30 minute period. Rate of mancozeb degradation was
dependent on pH, with pH 7.0 being the most effective. Under controlled
conditions, ETU residue concentrations increased up to 15 minutes

reaction time and then decreased in all three pH ranges. Ozonation was
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effective in the degradation of ETU residue in mancozeb solution.
Chlorine dioxide was an excellent degradation agent at low
concentration.

The second part of this study included laboratory whole fruit
studies. Mancozeb was spiked on the surface of apples at two different
concentrations and the effectiveness of each oxidizing agent was
determined on the reduction and degradation of mancozeb and ETU
residues on actual fruit as compared to the solution experiments. The
results showed similar patterns to the model system studies.

In the third part of this study, mancozeb was applied on
orchard apples throughout the growing season at the recommended rate.
Postharvest wash treatments were used, based on results of the model
system study: (1) no wash, (2) water wash, (3) calcium hypochlorite wash
@ 50 and 500 ppm (4) chlorine dioxide wash @ 10 ppm (5) ozone wash @
3 ppm and (6) HPAA wash @ 50 ppm. Wash treated apples were
processed as whole fruits, slices, sauce (peeled and unpeeled), juice and
pomace and frozen at -20°C until residue analysis. When wash
treatments were combined with processing, mancozeb and ETU were
reduced by 100% (i.e., below detectable limits).

The last part of this study involved investigation of degradation
products and possible pathways during chemical oxidation reaction.
Samples were detected by Time-of-Flight Mass Spectrometry (TOFMS)
with an electron ionization source. Several degradation by-products were

detected and identified.
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LITERATURE REVIEW

A. General Aspects of Pesticides

Federal law defines a pesticide as “any substance or mixture of
substances intended for preventing, destroying, repelling, or mitigating
any pest” (CFR, 1988). Pesticides may also be described as any physical,
chemical or biological agent that will kill an undesirable plant or animal
pest (Ecobichon, 1996). Pesticide is a general term for many types of
products including insecticides, herbicides, fungicides and rodenticides.
Pesticides may be chemical or bacterial, natural or man-made. There are
approximately 320 active pesticide ingredients that are available in
several thousand different registered formulations (Hotchkiss, 1992). The
U.S. Environmental Protection Agency (EPA) reported over 811 million
pounds of pesticides, excluding wood preservatives and disinfectants,
used in U.S. agriculture in 1993, at a cost of $6.1 million (Schubert et
al., 1996).

Pesticide use in agriculture over the last several decades has
proven to be a great benefit to the production of food. Pesticides protect
crops by controlling insects, diseases, weeds, fungi (mold) and other

pests. They work because they are toxic to target organisms or otherwise
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disrupt natural processes necessary for the organisms’ survival. Pesticide
use has improved both the efficiency of growing crops and the quality of
food produced. Protecting crops from pests gives higher yields and better
quality, resulting in greater variety and availability of food at a low cost.
However, along with the benefits, there are the potential effects of trace
amounts of pesticide residues remaining on some commodities at the
time of harvest or sale to the general public. Pesticides are potentially
harmful to humans and can cause various health problems such as
cancer, birth defects, changes in genetic material that may be inherited
by the next generation (genetic mutations), and nerve damage, among
other debilitating or lethal effects.

Pesticides are applied directly to many crops, especially fresh
fruit and vegetables. Many factors can influence the nature and extent of
pesticide residues on a crop, such as sunlight, water, bacteria in the
soils and other physical factors. The resulting breakdown products may
be biologically inactive compounds or may be chemicals that are
themselves toxic (Cooley and Manning, 1995).

Figure 1 shows the pesticide use on major crops between 1964
and 1997. Pesticide use increased from 1964 to 1982 but decreased from
1982 through 1991. This is probably due to integrated pest management
(IPM) practices designed to maintain disease and pest control using

minimum levels of pesticide. After 1991, the overall pesticide use
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increased slightly. This indicates that consumers still demand good
sensory quality of products even though they have concerns about
pesticide residues. Food safety has received increased attention in recent
years as a major consumer concern. In several consumer surveys, 70-
80% of the respondents expressed concern about the health risks
associated with pesticide residues (Food Marketing Institute, 1992; Ott et
al., 1991). This has resulted in extensive research on the biological

efficacy and environmental fate of pesticides.

B. The Fate of Pesticides in the Environment after Application
Pesticides can be introduced directly into the environment in a
liquid phase, as a dispersion or solution, or in the solid phase, as a
powder, dust, microcapsule, or granule. The pesticides are exposed to
many agents capable of transforming them into various other forms.
After entering both target and non-target biota, pesticides are subjected
to attack by detoxification enzymes. However, the major proportion of an
applied pesticide does not immediately enter any organism, but remains
in soil, water or air where it is subjected to further transformation and
transport to different locations, as well as, uptake by organisms at that
site (Fuhr, 1982). Figure 2 is a simplified scheme illustrating the various
processes to which pesticides applied for plant protection are subjected

(direct application to soil and/or to plant surface is the main route of
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Figure 2. The fate of pesticide in the environment after application
(Schubert et al., 1996).
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pesticide input to the environment). The fate of a pesticide in the
environment is governed by the retention, transformation, transport
processes and the interaction of these processes. Retention is the
consequence of interaction between the pesticide chemical and the soil
particle surface or soil components. The retention processes are
frequently described as adsorption or simply as sorption. Degradation
tends to decrease the chemical’s toxicity although occasionally the
metabolic products could be even more toxic than the parent compound.
Volatilization leads to the distribution of pesticides from the soil to the
atmosphere. Leaching leads to the movement of the pesticides toward the
ground waters and overland flows move the pesticides into surface
waters.

The air, water and soil in rural farming areas may be
contaminated with pesticides or their degradation products. Pesticides
also contaminate ecosystems and may produce harmful effects in
wildlife. At the same time, the vast majority of adverse effects due to
pesticides are largely unknown. Pesticide products to which we are
exposed are a combination of chemical ingredients that include the active
ingredients disclosed on the product label, which attack the target pest,
and “inert” ingredients. However, the active ingredients are usually the
smallest percentage of total ingredients, which are principally the

undisclosed or secret “inert” ingredients. This part of the formulation can
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be biologically and chemically active and even more toxic than the
actives, but are protected as trade secrets (Schubert et al., 1996). Beyond
these components of a formulation, a pesticide product also contains
contaminants and breakdown products or metabolites. These, too, can
be the most toxic part of the pesticide product (Schubert et al., 1996).

Of all forms of pesticide pollution, groundwater degradation is
especially serious, because groundwater is the source of public drinking
water. Once groundwater contamination is discovered, clean-up is often
neither technically nor economically feasible. The contamination of
groundwater by pesticides is quite extensive. In a 1988 report, EPA
documented the presence of 74 different pesticides in the groundwater of
32 states. In particular, EPA discovered widespread contamination by the
pesticides aldicarb, atrazine and alachlor. A more extensive EPA study
released in November 1990 found further evidence of contamination.
Based on sampling results, EPA estimated that 10.4 percent of
community water system wells and 4.2 percent of rural domestic wells in
the U.S. contaminated at least one pesticide or pesticide degradation
product. EPA’s survey reveals that at a minimum, over 1.3 million people
are drinking water contaminated with one or more pesticide from private

wells.
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C. General Aspects of Fungicides

Fungicides have the longest history of the three main groups of
crop protection agents (insecticides, herbicides and fungicides) (Uesugi,
1998). They are derived from a variety of structures ranging from simple
inorganic compounds, such as sulfur and copper sulfate, through the
aryl- and alkyl-mercurial compounds and chlorinated phenols to metal-
containing derivatives of thiocarbamic acid (Ecobichon, 1996).
Fungicides may be described as protective, curative or eradicative
according to their mode of action. Protective fungicides, applied to the
plant before the appearance of any phytopathic fungi, prevent infection
by either sporicidal activity or by changing the physiological environment
on the leaf surface. Curative fungicides are used when an infestation has
already begun to invade the plant, and these chemicals function by
penetrating the plant cuticle and destroying the young fungal mycelium
growing in the epidermis of the plant, preventing further development.
Eradicative fungicides control fungal development following the
appearance of symptoms, usually after sporulation, by killing both the
new spores and the mycelium and by penetrating the cuticle of the plant
to the subdermal level (Kramer, 1983).

To be an effective fungicide, a chemical must posses the
following properties: (1) low toxicity to the plant but high toxicity to the

particular fungus; (2) active or capable of conversion (by plant or fungal
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enzymes) into a toxic intermediate; (3) the ability to penetrate fungal
spores or the developing mycelium to reach a site of action; and (4) forms
a protective, tenacious deposit on the plant surface that will be resistant
to weathering by sunlight, rain and wind (Cremlyn, 1978). This list of
properties is never fulfilled entirely by any single fungicides and all
commercially available compounds show some phytotoxicity, lack of
persistence due to environmental degradation and so forth. Thus, the
timing of the application is critical in terms of the development of the
plant as well as the fungus.

The topic of fungicidal toxicity has been extensively reviewed by
Hayes (1982) and Edwards et al. (1991). With a few exceptions, most of
these chemicals have a low toxicity to mammals. However, all fungicides
are cytotoxic and most produce positive results in the usual in vitro
microbial mutagenicity test systems. Public concern has been focused on
the positive mutagenicity test obtained with many fungicides and the

predictive possibility of both teratogenic and carcinogenic potential.

D. EBDC Fungicides

Ethylene bisdithiocarbamates (EBDCs) are one of the oldest and
most widely used classes of organic fungicides in the world. They were
first introduced during the 1940s and are widely used nonsystemic

fungicides with low water solubility, which results in the pesticide
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remaining as superficial deposits on the surface of treated crops. This
allows it to be partly removed by water, especially on non-waxy crops
such as strawberries (Federal Register, 1989). EBDCs have been used to
control some 400 pathogens on more than 70 crops worldwide and
approximately one-third of all fruits and vegetables in the United States
are treated with EBDCs (Banrc, 1987). The major crops are apples,
tomatoes, potatoes, grapes, bananas, corn and wheat. (EPA, 1989). The
EBDCs registered for food uses in the U.S. are mancozeb, maneb,
metiram, nabam and zineb (Lentza-Rizos, 1990). Figure 3 shows
chemical structures of major EBDCs. These organic fungicides are
usually more effective than inorganic fungicides because organic
molecules tend to be more compatible with fungal cells which are
surrounded by walls and membranes in which a lipid layer is important
in exchanging substances through the layer. EBDCs act on various sites
in fungal physiolgy. These types of multiple-site inhibiting fungicides,
which are also called multisite inhibitors, are liable to act on organisms
other than their targets. EBDCs are applied as their manganese and zinc
complex form (maneb or mancozeb). The solubility, activity, and stability
of the EBDCs are dependent of the metal ion form (Lentza-Rizos, 1990).
EBDC:s fit well into integrated pest management (IPM) practices
designed to maintain disease and pest control using minimum levels of

pesticide. One of the most important assets of EBDC fungicides is that,
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in all their years of use, no known disease resistance to them has
developed, as is the case with many systemic fungicides (DuPont, 1992).
Because EBDCs act in a preventive mode, the pathogen does not have
the opportunity to infect the crop. EBDCs are also valuable in IPM
programs because they are not harmful to beneficial insects. This helps
reduce use of potentially more toxic pesticides. EBDCs are contact
fungicides, which remain on the surface of the plant. A synergistic effect
occurs when EBDCs are used with copper (DuPont, 1992).

Mancozeb (Dithane 75 DF®) is registered as a general use
pesticide by the U.S. Environmental Protection Agency (EPA). It is a
polymeric complex of ethylene bisdithiocarbamate manganese and zinc
salt. It contains 75% of ethylene bisdithiocarbamate in which the
ingredients are 15% of manganese, 1.87% of zinc and 58.13% of ethylene
bisdithiocarbamate ion (C4HeN2S4) and 25.00% of inert ingredients. It is
one of the most widely used EBDC fungicides to protect many fruits,
vegetables, nuts and field crops against a wide spectrum of diseases,
including potato blight, leaf spot, scab on apples and pears and rust on
roses (DuPont, 1992). It is also used for seed treatment of cotton,
potatoes, corn, safflower, sorghum, peanuts, tomatoes, flax and cereal
grains (Hayes and Laws, 1990; Meister, 1992). It is a grayish powder,

practically insoluble in water and in most organic solvents. Mancozeb is

12
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Table 1. Chemical and physical properties of the Mancozeb
(Rohm & Haas Co., 1997)

Structure:

S S

I I
[-MnSCNHCH2CH,NHCS-]x [Zn2*],

Common Name: Mancozeb

CAS Register No.: 8018-01-7

Trade Name: Dithane

Molecular Weight: ?

Manufacturer: Rohm & Haas Company

Physical Form: Yellow powdered solid

Odor Characteristic : Musty odor

Melting Point : 192 to 204 °C / 378 to 399°F

Vapor Pressure: Negligible

Specific Gravity (Water = 1) 0.35 to 0.50 g./cc. Bulk Density

Stability Media: Stable; However, keep away from moisture,
heat or flame.

Solubility in Water : Dispersible

Percent Volatility : 1% Water

13
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available as dusts, liquids, water-dispersible granules, as wettable

powders and as ready-to-use formulations (Meister, 1992).

E. Toxicological Properties of EBDCs

The EBDCs, which include mancozeb, are generally considered
to have low short-term toxicity to mammals. No toxicological effects were
observed in a long term study with rats fed doses of 5 mg/kg (Hayes and
Laws, 1990). The major routes of exposure to mancozeb are through the
skin or from inhalation (US. EPA, 1987). In spray or dust forms, the
EBDCs are moderately irritating to the skin and respiratory mucous
membranes. Symptoms of poisoning from this class of chemicals include
itching, scratchy throat, sneezing, coughing, inflammation of the nose or
throat and bronchitis (Morgan, 1982; OHS, 1991). There is no evidence of
‘neurotoxicity’, nerve tissue destruction or behavior change, from the
EBDCs (Morgan, 1982). However, dithiocarbamates are partially
chemically broken down or metabolized to carbon disulfide, a neurotoxin
capable of damaging nerve tissue (Hallenbeck and Cunningham-Burns,
1985). The oral LDso for mancozeb ranges from 4,500 to 11,200 mg/kg in
rats. When applied to the skin of rabbits, its dermal LDso is 5,000 to
15,000 mg/kg (Berg, 1988; US. EPA, 1987; Hayes and Laws, 1990;
Meister, 1992). It is a mild skin irritant and sensitizer and a mild to
moderate eye irritant in rabbits (DuPont, 1983). Agricultural workers

14
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handling crops treated with mancozeb have developed sensitization
rashes (Hayes and Laws, 1990). A two-year feeding study on rats
indicated that 6.25 mg/kg of maneb in the diet is the no observable effect
level (NOEL) for rats. However, the next and highest level that was fed to
rats in this two-year study did produce signs of poisoning. A one-year
feeding study in dogs concluded that 20 mg/kg/day is a NOEL for dogs.
Toxic effects were seen in the dogs at daily doses of 75 mg/kg and 250
mg/ kg (DuPont, 1983).

In a three-generation rat study with mancozeb at a dietary level
of 50 mg/kg there was reduced fertility but no indication of embryo toxic
or teratogenic effects. In another study in which pregnant rats were
exposed to mancozeb by inhalation, toxic effects on the embryos were
observed only at doses (55 mg/m3) that were also toxic to mothers (Hayes
and Laws, 1990). No teratogenic effects were observed in a three-
generation rat study with mancozeb at a dietary level of 50 mg/kg (Hayes
and Laws, 1990). Specific developmental abnormalities of the body wall,
central nervous system, eye, ear and musculoskeletal system were
observed in experimental rats which were given 1,320 mg/kg of
mancozeb on the 11th day of pregnancy (NIOSH, 1986). When it was
inhaled at concentrations of 0.017 mg/L, mancozeb was not teratogenic
to pregnant rats (DuPont, 1983). Teratogenic activity was found in mice

given 1,320 mg/kg of maneb (Shepard, 1989).

15
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Non-tumorigenicity was reported for maneb, zineb and nabam
in chronic feeding studies on three strains of mice (Lentza-Rizos, 1990).
Mancozeb produced skin tumors in mice at 100 mg/kg body weight, 3
times per week for 31 weeks. Historical examination revealed that these
tumors were mostly benign (Shukla et al., 1990). Several studies have
shown rapid reduction in the uptake of iodine and swelling of the thyroid
(i.e. goiter). Morgan (1982) found that a marked reduction of iodine
uptake was measured 24-hours after administration of a large dose of

maneb, another EBDC fungicide.

F. Degradation of EBDCs

The EBDCs are generally unstable in the presence of moisture,
oxygen, and in biological systems (US EPA, 1992). They are easily
degraded in these conditions and several degradation products are
formed, including ethylenethiourea (imidazolidine-2-thione, ETU)
(Lentza—-Rizos, 1990). This rapid degradation lowers the need for concern
about the environmental fate of EBDCs and focuses such concern on
ETU. ETU has been identified as an impurity in commercial EBDC
formulations (Clarke et al., 1951; Bontoyan et al, 1972). Most
commercial EBDC formulations contain 0.02-5% of ETU (Bontoyan et al.,
1977). It has been reported that ETU occurs as a result of metabolic

(Engst and Schnaak, 1974) and chemical (Fishbein and Fawkes, 1965;
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Engst and Schnaak, 1974) alterations of the commercial fungicides. ETU
has been identified on a number of different crops which had been field-
sprayed with a commercial formulation of EBDC (Yip et al, 1971;
Newsome, 1972). Cooking of foods containing EBDC residues also results
in the formulation of ETU (Newsome and Laver, 1973; Watts et al., 1974).

Engst and Schnaak (1974) suggested a possible degradation
scheme for metabolic derivatives of the ethylenebisdithiocarbamate
(Figure 4), speculating that ethylenebisdithiocarbamic acid readily forms
ETU under highly alkaline conditions (pH 10.5) and that ETU obtained
under these conditions may be formed from ethylenethiuram
monosulphide (ETM) by the loss of a molecule of carbon disulfide.

ETU has been known to be a possible degradation product of
EBDC fungicides for over 40 years (Clarke et al., 1951; Fishbein and
Fawkes, 1965; Bontoyan et al, 1972). It may be formed during
manufacture or storage of the EBDCs (Fishbein and Fawkes, 1965) on
plants following application of EBDC formulations, or in food containing
EBDC residues during cooking and processing procedures (Watts et al.,
1974). Pesticide degradation during storage results mainly from
hydrolysis and oxidation (Egli, 1982). Photolysis may not be an
important degradative reaction during storage since samples are usually
stored in the dark at -20°C. Oxidation, especially, is an important

reaction for readily oxidizable thio compounds. ETU is degraded from

17
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Table 2. Chemical and physical properties of the ETU (Windholz et
al., 1983; U.S. EPA 1986)

Structure:
S
|(|J
N
H - l\i N-H
H:C CH:

Common Name: Ethylenethiourea

CAS Register No.: 96-45-7

Chemical Name: imidazolidine-2-thione
Molecular Weight: 102.2
Manufacturer: Aldrich Company
Physical Form: White Crystals

Odor Characteristic : Musty odor
Melting Point : 203 °C /400°F

Vapor Pressure: -

Specific Gravity (Water = 1) 0.35 to 0.50 g./cc. Bulk Density
Stability Media: Stable

Solubility in Water (30°C): 20g/L

Percent Volatility : 1% Water

L
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EBDC fungicides in crops, rice (Rhodes, 1977; Ripley and Cox, 1978;
Nash, 1976), aqueous media (Marshall, 1977) and by heat (Newsome,
1976). During storage, ETU has been found to be unstable in certain
crops (Uno et al., 1978) and tomato sauce and paste (Ankumah and
Marshall, 1984). ETU is soluble in water and readily absorbed and
metabolized by plants (Engst and Schnaak, 1974; Newsome and Laver,
1973). It is a common contaminant in technical grade fungicides such as
mancozeb, maneb, zineb, and nabam. It may also be formed from EBDC
at elevated temperatures, high humidity, environmental degradation or
during cooking of food containing EBDC residues (Meneguz et al., 1987).
The rate of degradation of EBDC’s to ETU is influenced by temperature,
available oxygen and pH of the system. (Marshall, 1977).

Several workers have reported the instability of ETU.
Cruickshank and Jarrow (1975) reported that ultraviolet light can
degrade ETU on a solid substrate such as silica gel to produce 2-
imidazolidone as the major product. ETU degradation was especially
rapid in the presence of photosensitizers such as acetonaphthone,
naphthaldehyde, methylene blue, benzophenone, and crystal violet. Ross
and Crosby (1973) found that dissolved oxygen and sensitizers such as
acetone or riboflavin degrade ETU in the presence of light. Marshall
(1979) reported the oxidative degradation of ETU by hydrogen peroxide

and hypochlorite.
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G. Toxicological Properties of ETU

A major toxicological concern surrounding the EBDCs comes
from ETU, an industrial contaminant and a breakdown product of
EBDCs. No suitable information was found in the available literature on
the health effects of ETU in humans. In animal studies, the acute oral
LDso for ETU was 1,832 mg/kg in rats (U.S. EPA, 1982). ETU has caused
cancer in experimental animals and has been classified as a Group B2
probable human carcinogen based on sufficient evidence from animal
studies by the EPA (US EPA, 1992). Because of the report of their
carcinogenic (IARC, 1974), mutagenic (Teramoto et al., 1977), goitrogenic
(Graham et al.,, 1975) and teratogenic (Teramoto et al.,, 1980) effects in
laboratory animals, ETU has become a major human health concern
among some consumer groups (Lentza-Rizos, 1990). Chernoff et al.
(1979) demonstrated the teratogenic effects of ETU in Sprague-Dawley
rats, CD-1 mice and golden hamsters. Based on the results of this study,
the no observable adverse effect levels (NOAELs) for maternal and
developmental toxicity were 40 mg/kg/day in the rat, 200 mg/kg/day in
the mouse and 300mg/kg/day in the hamster. A 90-day study of the
effects of ETU revealed a NOEL of 5 ppm (0.25 mg/kg/day) (Morgan,
1982; Hayes and Laws, 1990; US EPA 1992). Seiler (1973) described ETU
as exhibiting weak but significant mutagenic activity in Salmonella

typhimurium. A 2.5-fold increase in mutation frequencies was seen at
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intermediate concentrations (100 or 1,000 ppm/plate), but at higher
concentrations (10,000 and 25,000 ppm), ETU was somewhat lethal to
the test colonies resulting in lower relative mutagenic indices. Graham et
al. (1975) reported that ETU was a follicular thyroid carcinogen in male
and female Charles River rats that were fed the compound for 2 years at
dietary levels of 250 and 500 ppm (approximately 12.5 and 25
mg/kg/day).

The thyroid appears to be the primary target organ for ETU
toxicity in long-term exposure studies. Ulland et al. (1972) reported a
dose related increased incidence of hyperplastic goiter in male and
female rats fed ETU at 175 and 350 ppm (approximately 8.75 and 17.5
mg/kg/day) in their diet for 18 months. An increased incidence of simple
goiter was also reported in all treatment groups. Arnold et al. (1983)
showed that the thyroid effects of ETU administered in the diet for 7
weeks to male and female Sprague-Dawley rats were reversible when

ETU was removed from the diet.

H. Formation of ETU During Heat Treatment

The nonbiological degradation of EBDCs to ETU is accelerated
by heat treatment and EBDC residues are known to be converted to ETU
during normal industrial processing of field-treated produce (Newsome

and Laver, 1973; Watts et al., 1974; Marshall, 1977; Phillips et al., 1977).
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The conversion of these surface residues to ETU during cooking,
blanching or other processing has been demonstrated on snap beans,
tomatoes (Newsome et al.,, 1975), carrots, spinach (Phillips et al.,, 1977)
and grapes (Ripley et al., 1978).

Ripley and Cox (1978) processed field-treated tomatoes, using
simulated commercial methods, into whole pack tomatoes and tomato
juice and analyzed these products for EBDC and ETU residues. In the
processed products, the EBDC concentration was reduced by 50-75%
and the ETU concentration was about the same or slightly elevated
compared to the unprocessed fruit levels. They found a good correlation
between higher EBDC concentrations and higher ETU concentrations in
the same sample. However, the variability of their results indicated a
wide rage of conversion due to processing. It should be noted that some
samples showed no detectable EBDC residue, but had ETU levels as high
as 0.08 mg/kg.

The fate of ETU in the sterile environment of a processed food is
controversial. It has been reported that ETU, during a 4-week storage (at
1.0 or 0.1 ppm), decreased to 1% of the initial amount in pickles, 1-5%
in apple sauce, 0.1-0.2% in tomato sauce, and 9-12% in spinach (Han,
1977). In contrast, Uno et al. (1978) have reported that ETU in tomato
Puree was stable for up to 200 days. Efficient decontamination

Procedures are available for the removal of EBDC surface residues from
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tomatoes and green beans prior to processing (Marshall and Jarvis,
1979; Marshall, 1982). A four-minute preprocessing wash with dilute
alkaline hydrochlorite followed by a 30-second dip in dilute sodium
sulfite was demonstrated to reduce field residues of EBDC and ETU to
the limits of analytical significance.

Ross et al. (1978) found apples field-treated nine times with
mancozeb and metiram contained, respectively, 0.17 and 0.50 mg/kg
EBDC residue and 0.01 and 0.03 mg/kg ETU 42 days after the last
treatment. Apple juice made from this produce did not contain EBDC
residues, but 0.05 mg/kg ETU was present in samples from both
pesticide treatments. Dried pomace, which is used as a feed for livestock,
was prepared in a laboratory scale experiment by drying the apples at
149°C for 15 hours (a more severe treatment than in commercial pomace
production). This dried pomace contained surprisingly high levels of both
mancozeb (14.9 mg/kg) and metiram (3.3 mg/kg) residues considering
the heat treatment, and high levels of ETU (0.17 and 0.15 mg/kg,
respectively). These levels were attributed to the apple peel concentration
in the pomace. Apple sauce prepared from apples with the peel and cores
removed before grinding and cooking contained residues of EBDC and
ETU at the 0.09 and 0.05 mg/kg level, respectively, in the case of

mancozeb and 0.09 and 0.04 mg/kg in the case of metiram.
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Von Stryk and Jarvis (1978) analyzed tomatoes sprayed with
maneb and mancozeb and found EBDC levels between 0.03 and 0.80
mg/kg. ETU was detected only in one sample at 0.03 mg/kg. The
tomatoes were processed into juice and canned whole fruits, after
washing. The juice contained more fungicide and ETU residues than the
canned whole fruits. This was attributed to the fact that in preparation of
the juice the skins were not removed, whereas for whole tomatoes they
were.

Cabras et al. (1987) reviewed the fate of EBDC and ETU
residues from vine to wine. According to the data given, most EBDC
residues are absorbed by scums and ETU residues may remain in
amounts <0.01 mg/kg. However, Kakalikova et al. (1988) showed that
the amount of ETU varies in relation to the amount of EBDC residues
present on harvested grapes. Must and wine produced from grapes
treated with mancozeb 14 or 28 days before harvest contained detectable
ETU residues, whereas those made from grapes harvested 42 days after

treatment did not.

1. Degradation of Pesticide in the Environment
The principal degradation pathways for pesticides in
environment can be classified as physical, chemical, and biological

factors (Coats, 1991). Under field conditions, a combination of these
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factors usually influences the breakdown of a pesticides and their
relative importance depends on the chemical, physical properties of
pesticides and their chemical structures. Environmental factors such as
moisture, temperature and various management practices also play an
important role in degradation of pesticides (Coats, 1991).

The two primary physical agents involved in the degradation
process are light and heat. Photolysis of pesticide residues is extremely
significant on vegetation, on the soil surface, in water and atmosphere
(Zepp, 1991). Direct photo reactions account for only a part of sunlight-
induced reactions. Other photochemical reactions which produce
reactive transients such as hydroxyl, hydroperoxyl/superoxide,
organoperoxyl and other radicals as well as singlet molecular oxygen may
influence the fate of pesticides in the environment. Thermal
decomposition of the chemicals often occurs. Cold, especially freezing
temperatures, can also contribute occasionally to pesticide degradation
(Coats, 1991).

Chemical degradation occurs as a result of the various reactive
agents in the formulations, tank mixes and in the environment. Water is
responsible for considerable breakdown of pesticides in solution,
especially in co<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>